Background/Aims: Intervertebral disc degeneration (IDD) is a pathological process that is the primary cause of low back pain and is potentially mediated by compromised stress defense. Sestrins (Sesn) promote cell survival under stress conditions and regulate AMPactivated protein kinase (AMPK) and mammalian target of rapamycin (mTOR) signaling. Here, we investigated the expression of Sesn in normal and degraded nucleus pulposus (NP) cells and its potential roles during IDD pathogenesis. Methods: Sesn expression in normal and degraded NP cells was determined by quantitative polymerase chain reaction and immunoblotting and immunohistochemistry, respectively. Sesn function was investigated by using Sesn knockdown and overexpression techniques with analysis of extracellular matrix (ECM), cell apoptosis, autophagy, AMPK, and mTOR activation. Results: In human cultured NP cells, Sesn expression was significantly decreased in degraded NP cells at both the RNA and protein levels. The expression of Sesn1, 2, and 3 increased after stimulation by 2-deoxyglucose (2-DG), an endoplasmic reticulum stress inducer. 2-DG could also increase cell apoptosis, promote extracellular matrix (ECM) degradation, and positively regulate autophagy in NP cells. Sesn knockdown by small interfering RNA increased NP cell apoptosis and ECM degradation under basal culture conditions and in the presence of 2DG. Conversely, Sesn overexpression mediated by plasmid transfection repressed IDD by enhancing autophagy, which was associated with changes in mTOR but not AMPK activation. Conclusions: Sesn expression is suppressed in degraded NP cells. In addition, Sesn inhibits stress-induced cell
Sestrin-Mediated Inhibition of StressInduced Intervertebral Disc Degradation Through the Enhancement of Autophagy

Introduction
Lower back pain is the most prevalent chronic disease, with inheritance, aging, obesity, and smoking as its major risk factors [1, 2] . In turn, intervertebral disc degeneration (IDD) is considered to be the primary cause of lower back pain [3] .
Intervertebral discs are composed of a gelatinous inner core, the nucleus pulposus (NP), and tough outer rings, the annulus fibrosus. The process of degeneration was found to initiate within the NP [4] . NP cells comprise the main type of cells resident in the NP, producing extracellular matrix (ECM) molecules such as collagen I, collagen II, and proteoglycan, which are the main components of the gelatinous NP tissues [5] . Conversely, the proteolytic effects of matrix metalloproteinases (MMPs, including MMP-1, MMP-3, MMP-7, MMP-9, and MMP-13) are thought to cause ECM breakdown [6, 7] . Matrix homeostasis within the NP tissue is known to play an important role in disc function [8] . In addition to degradation of the ECM, the pathogenic mechanisms of IDD involve excessive apoptosis and inflammatory mediators, which have all been proposed to represent therapeutic targets for IDD [3, [9] [10] [11] .
Endoplasmic reticulum (ER) stress has been shown to contribute to various degenerative diseases including Alzheimer's disease, Parkinson's disease, and osteoarthritis, [12, 13] as well as to the process of IDD [14] . ER stress leads to a series of molecular and biochemical alternations inside cells including dysfunction of protein folding, impairment of protein transportation, and depletion of Ca 2+ in the ER lumen. These alternations can cause a deficiency in important cellular defense mechanisms, which contributes to the initiation and progression of tissue damage [15, 16] . Recently, such dysfunction of intervertebral disc homeostasis has been proposed as one of the main mechanisms in IDD [17] [18] [19] . In particular, the activation of AMP-activated protein kinase (AMPK) and mammalian target of rapamycin (mTOR) signaling has been demonstrated to mediate these defective intracellular functions [20, 21] .
Sestrins (Sesn) comprise an evolutionarily conserved family of proteins that were originally identified as downstream effectors of p53 [22] . This discovery suggested that these proteins are stress-inducible because they protect cells against various insults [23] .
Moreover, many studies have demonstrated that sestrins are involved in the regulation of cell viability under different stress conditions [24] [25] [26] . Although the mechanism by which sestrins protect cells from oxidative stress remains unknown, studies have indicated that negative control of mTOR through AMPKa1 phosphorylation might be the main effect of Sesn regulation of cell function [27, 28] . It has also been shown that sestrins interact with the Nrf2 suppressor Keap1, the autophagy substrate p62, and the ubiquitin ligase Rbx1, and that the antioxidant function of sestrins is mediated through activation of Nrf2 in a manner reliant on p62-dependent autophagic degradation of Keap1 [29] . In particular, autophagy is an essential cellular process of self-consumption that is highly conserved in eukaryotic organisms and strongly associated with apoptosis [30] . Recently, many studies have demonstrated that autophagy facilitates cellular adaptation to stresses and might play a central role in regulating the adaptation of disc cells under stress [2, 31] .
Characterizing the detailed responses and complex adaptive mechanisms of disc cells to stress may provide some clues to guide therapy for disc degeneration. This study is the first to analyze which Sesn proteins are expressed in normal NP and to determine changes in degraded NP cells. We also examined the role of sestrins in the regulation of both anabolic and catabolic processes in human NP cells. Furthermore, we explored the role of mTOR activation and autophagy in this process. 
Materials and Methods
Patient tissue samples
Normal human NP cells were obtained from 18 patients with idiopathic scoliosis (n = 9 women and 9 men; average age, 20.2 years; range, 18-35 years). Degenerative lumbar NP samples were collected from 18 patients (n = 10 women and 8 men; mean age, 36.5 years; range, 28-65 years) with IDD who were undergoing disc excision and spinal fusion surgery. The degeneration degree of intervertebral degeneration was assessed according to the modified Pfirrmann grading system from pre-operative magnetic resonance imaging scans. The lumbar discs of all patients with IDD were classified as Grades III-V and the discs of the 10 patients with idiopathic scoliosis were classified as Grade II. This study complies with ethical standards for human research. The research was approved by the Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology (No:S214). All of the experiments were performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. Written informed consent was obtained from all participants included in our study.
Isolation and culture of human NP cells
Human NP cells were isolated from the discs of the 10 patients with idiopathic scoliosis. Briefly, the NP was carefully separated from the annulus fibrosus under a stereotaxic microscope and cut into small fragments (2-3 mm 3 ). NP cells were isolated by enzymatic digestion for 12 h at 37 °C in Dulbecco's modified Eagle's medium (DMEM)/F12 (Gibco, Grand Island, NY, USA) with 0.25 mg ml −1 type II collagenase (Invitrogen, Carlsbad, CA, USA). After isolation, the NP cells were resuspended in DMEM/F12 containing 15% fetal bovine serum (Gibco) and 1% penicillin-streptomycin and incubated at 37 °C in a humidified 5% CO 2 atmosphere [32] . When the NP cells grew to 80% confluence, they were detached by trypsinization and subcultured in culture flasks. During passaging, no significant changes in morphology were observed between primary (passage 0) and later-passage (passage 2) cells. Therefore, we used second-passage cells cultured in a monolayer for subsequent experiments. ) in serumfree medium for 12 h. After an additional 12 h of serum deprivation after transfection, the cardiomyocytes were exposed to hypertrophic stimulation by PE at 50 μM.For overexpression, a recombinant adenovirus that contained rat Sestrin 2 was constructed by SinoGenoMax Co. Ltd. (Beijing, China). The recombinant construct contained N-terminal tagged GFP and C-terminal tagged His. All transfections were performed following the manufacturer's protocol. Experiments were performed 24-72 h post-transfection, and cells were harvested for polymerase chain reaction (PCR) and western blot analysis. After 24 h of transfection, the cells were treated with or without 2-deoxyglucose (2-DG; 10, 20, or 40 mM) for 48 h and then harvested for subsequent experiments.
Autophagic measurements
Autophagy activation was analyzed by standard western blotting for LC3-I to LC3-II conversion. Transmission electron microscopy (TEM) was used to determine the formation of autophagosomes and autolysosomes. After fixing in 2.5% glutaraldehyde overnight, the NP was postfixed in 2% osmium tetroxide and block-stained with 2% uranyl acetate. These cubes were embedded in Araldite following dehydration in an acetone series. Semi-thin sectioning and toluidine blue staining were performed for observation of location. Finally, ultra-thin sections of at least three blocks from one disc were cut. The observation was performed using a JEM-1230 electron microscope (Jeol, Tokyo, Japan).
Reverse transcription (RT)-PCR
The following sets of primers were used for RT and amplification of genes by PCR:
SESN1: 5'-GCTTAGACGGGCAATTTGGA-3' and 5'-AGGAGTTCTGCTTGCATCCT-3'; SESN2:
5'-GGCTCATCACCAAGGAACAC- 5'-AGGGAAGATGAAGAGGCGTC-3' and 5'-TCCTCGTCTGGCAAAGTCTT-3'; β-actin: 5'-AGCGAGCATCCCCCAAAGTT-3' and 5'-GGGCACGAAGGCTCATCATT-3'. For RT-PCR, a SYBR green qPCR SuperMix-UDG kit (Life Technologies, Gaithersburg, MD, USA) was used, along with the appropriate template, and cycling was performed using an ABI PRISM 7300 system (Applied Biosystems, Foster City, CA, USA).
Western blot analysis
Western blot analysis was performed using standard procedures. The following antibodies were used: anti-Sesn1 (Sanying, Wuhan, China), anti-Sesn2 (Abcam, Cambridge, MA, USA), anti-Sesn3 (Sanying, China), anti-pAMPK (Cell Signaling Technology, Mountain View, CA, USA), anti-AMPK, anti-pS6, anti-S6, anti-LC3 (Abcam, Cambridge, MA, USA), and anti-Gapdh (Xianzhi, Hangzhou, China). Horseradish peroxidaseconjugated secondary antibodies were used and specific antibody-antigen complexes were detected using a chemiluminescent substrate.
Flow Cytometry
After the treatments, the cells were double stained using an Annexin V-FITC apoptosis detection kit (KeyGEN, Nanjing, China) according to the manufacturer's instructions. Briefly, the cells were harvested, washed twice with cold phosphate-buffered saline, and resuspended in binding buffer. Then, 5 μl of Annexin V-FITC and 5 μl of phosphatidyl inositol (PI) were added, and the cells were further incubated in the dark for 15 min at room temperature. Finally, samples stained with annexin V and PI were quantitatively analyzed at 488 nm (emission wavelength) and 570 nm 
Statistical analysis
For all data sets on human NP cells, at least three independent experiments with cells from different donors were performed. The data are expressed as the means ± standard deviation (SD). For statistical analysis, data were analyzed using the Student's t test. P < 0.05 was considered statistically significant. All analyses were performed using SPSS statistical software, version 23.0 for Windows (Chicago, IL, USA).
Results
Expression of Sesn in normal and degraded human NP tissues
We performed quantitative RT-PCR to measure the mRNA expression of Sesn in NP tissue. The results showed a significant reduction in SESN1, SESN2, and SESN3 in NP tissues from patients with IDD (n = 18) compared with that from patients with idiopathic scoliosis (n = 18) (Fig. 1a-c) . In normal human NP tissues, the level of mRNA expression was similar for Sesn1, Sesn2 and Sesn3 ( Fig. 1 a-c) , whereas the protein expression of Sesn2 was higher than that of Sesn1 and Sesn3 ( Fig. 1 d-e) . In IDD NP tissues, there was a significant reduction of Sesn1, Sesn2 and Sesn3 mRNA and protein expression compared to normal NP tissues ( Fig. 1 a-e) . Moreover, the difference in the variation of Sesn2 was high at both mRNA and protein levels. Immunohistochemistry to assess Sesn protein expression in human NP showed that Sesn2 expression was localized in the nucleus in human NP cells and that the percentage of Sesn2-positive cells was significantly lower in IDD than in the control group. In addition, the number of type II collagen-positive cells was decreased in the IDD group compared to the control group (Fig. 1f, g ).
Changes in Sesn expression in response to stress induction in cultured human NP cells
Normal human NP cells were exposed to stress conditions for different durations to determine the effect on Sesn expression. Under basal conditions, low levels of expression were detected for all Sesn genes. (Fig. 2 b-d) , Moreover, 2-DG significantly increased RNA levels of Sesn2 and Sesn3 at 6 h. No changes in Sesn1 RNA levels were detected in 2-DGtreated samples at this time point. There was a significant reduction of Sesn2 mRNA level at 48 h compared to 24 h. However, no changes were seen in the Sesn1 and Sesn3 mRNA level in 2-DG-treated samples between the 24 h and 48 h time points (Fig. 2 b-d) . Quantitative RT-PCR results were similar to those from western blot analysis (Fig. 2b-d ).
Stress increases cell apoptosis and ECM in cultured human NP cells
To assess the effects of 2-DG exposure on apoptosis of NP cells, we performed flow cytometric analysis by using Annexin V/PI. NP cells labeled with AV and PI were quantified using flow cytometry, allowing discrimination among viable cells (AV− PI−), early apoptotic cells (AV+ PI−), and late apoptotic cells/necrotic cells (AV− PI+). In response to treatment with the stress inducer, 2-DG, a concentration-dependent and significant increase in cell apoptosis was observed (Fig. 3a,b) We further investigated the expression levels of the apoptotic indicators caspase-3, caspase-9, and Bcl-2 by western blotting in 2-DG-treated cells (Fig. 3c) . Densitometric analysis of the protein bands revealed increased expression of caspase 3, caspase 9, and Bcl-2 over a 48-h time course (P < 0.01; Fig. 3d ). Taken together, these findings confirmed that 2-DG exposure increased apoptosis in cultured human NP cells.
Changes in autophagy in stress-induced NP cells
To analyze the effects of exposure to a stress inducer on cultured human NP cells, autophagy was assessed by western blot analysis of the expression of the autophagy proteins LC-I and LC3-II and the autophagic degradation target p62 in cells treated with 2-DG, rapamycin (Rap), or the autophagy inhibitor 3-methyladenine (3-MA), as shown in The results revealed that, as expected, Rap and 3-MA induced and suppressed expression of the autophagy-related proteins, respectively, and had the opposite effect on the p62 degradation protein. In 2-DG-treated cells, the expression of autophagy-related proteins was upregulated and the expression of p62 was downregulated compared with control cells (P < 0.05). Detailed morphological characterization of autophagic structures can be achieved by the high magnification and resolution images of transmission electron microscopy (TEM). Autophagosomes were presented more in NP cells after rapamycin treatment, and 2-DG treatment compared with the control group (P < 0.05) (Fig. 4c) . The degraded autophagosome has only a single membrane containing some materials or segments of degraded macromolecules and organelles. And autolysosome can be seen in repamycin group. However, there was less and smaller autophagosomes were presented in NP cells after 3-MA treatment (P < 0.05), compared with control cells. These results confirmed the positive regulatory effect of 2-DG on autophagy in NP cells.
Effects of sestrins on autophagy in cultured human NP cells
To verify the effects of sestrins on autophagy, we monitored changes in the levels of the autophagy marker LC3 in NP cells after overexpression of Sesn, followed by treatment with the autophagy inducer Rap (Fig. 5a,b) . Notably, overexpression of Sesn2 increased the We also used TEM to analyze the formation of autophagosomes and autolysosomes. TEM images showed a few basal autophagosomes with double-membrane appearance in the control group. After upregulation of Sesn2, abundant and enormous vacuoles of autophagosomes/autolysosomes with degraded organelles became visible. The similar results can also be found in Rap treatment group. These data indicated that Sesn2 activated the autophagic process in human NP cells.
Sesn repressed stress-induced apoptosis by enhancing autophagy
As 2-DG has been shown to induce both autophagy and apoptosis in human NP cells, and sestrins are potential regulators of both these processes, we further investigated the effects of Sesn on stress-induced apoptosis of NP cells. We focused on Sesn2 as this Sesn showed the largest differences in expression following exposure to stress conditions (Fig. 2d) . Notably, 2-DG increased apoptosis in NP cells compared with untreated cells (Fig. 3a-d) . We used western blot analysis to study the role of Sesn2 in apoptosis. Cleaved caspase 3 and 9 were upregulated in 2-DG-treated cells in which Sesn2 was overexpressed, and downregulated when Sesn2 was knocked down (P < 0.05) (Fig. 6a-h ). We also used flow cytometric analysis to further support these findings. Overexpression of Sesn2 in stress-induced NP cells led to a decrease of cell apoptosis compared with control cells (P < 0.05, Fig. 6i,j) . Consistent with this, treatment with the inducer of autophagy Rap decreased cell apoptosis, whereas the autophagy suppressor 3-MA increased cell apoptotic behavior (Fig. 7c,d) , potentially indicating an inverse relationship between autophagy and apoptosis in these cells. From these results, we demonstrated that Sesn2 may therefore play an important role in regulating cellular homeostasis in stress-induced NP cells by orchestrating the balance between autophagic and apoptotic processes.
Sesn affects stress-induced ECM degradation by enhancing autophagy
To investigate the role of the stress inducer, 2-DG, in ECM degradation of NP cells, the protein expression levels of MMP13, collagen2, and aggrecan were determined by western blot analysis. Compared with the control cells, the protein levels of collagen2 and aggrecan were significantly downregulated and those of MMP13 were upregulated in 2-DG-treated NP cells (Fig. 3e,f) . This finding indicates the potential effects of ER stress on ECM degradation. The effects of Sesn on stressinduced ECM degradation were then assessed by western blot analysis. Knockdown of Sesn2 significantly downregulated the expression levels of aggrecan and collagen2 and significantly upregulated the expression levels of MMP3 and MMP13, whereas opposite results were found in Sesn-overexpressing cells compared with control cells (P < 0.05, Fig. 8a-h) . Furthermore, we also treated NP cells with or without an autophagy inhibitor (3-MA) 12 h before plasmid transfection.
In the presence of 3-MA, the protein levels of aggrecan and collagen2 were significantly downregulated, whereas the levels of MMP and MMP13 were significantly upregulated compared with the absence of 3-MA. 3-MA was clearly able to block the effects of Sesn2 (P < 0.05, Fig. 9a-d ). These results demonstrate that the positive effect of Sesn2 on stress-induced ECM degradation may be related to its effects on upregulating autophagy.
Effects of Sesn on mTOR and AMPK signaling pathways in human NP cells
To further analyze the effects of Sesn on mTOR and AMPK signaling pathways, western blotting was used. Cultured human NP cells were transfected with the indicated constructs for the indicated time with or without Earle's balanced salt solution (EBSS) to induce starvation. Fig. 10 shows representative western blot images demonstrating that Sesn2 overexpression with or without EBSS treatment decreased phosphorylation of S6. However, overexpression of Sesn2 did not affect AMPK phosphorylation. 
Discussion
The lumen of the ER is a specialized organelle for the production of secretory and membrane proteins, and provides an environment for this synthesis. Additionally, it also provides a cellular site to assist protein folding and to assure that the accurately folded protein is delivered to the correct secretory pathway [33, 34] . Various intracellular and extracellular stimuli can affect the functions of the ER, leading to so-called ER stress. ER stress comprises stimuli that regulate a wide range of cellular responses including apoptosis, proliferation, inflammation, and differentiation in mammalian cells [35] . Many studies have shown that activation of the ER stress-induced apoptosis pathway contributes to various degenerative diseases, such as Alzheimer's disease, Parkinson's disease, and osteoarthritis [12, 13, 36] . 2-DG is well known to induce ER stress by inhibiting glycolysis and N-glycosylation of proteins [35, 37] . In the present study, we used 2-DG to induce ER stress and observed its effects on cell apoptosis and the ECM degradation of human cultured NP cells.
Since their first discovery as p53 targets, [38] over the past decade sestrins have gradually been identified as modulators of peroxide signaling and antioxidant defense, and considered as potential therapeutic targets for a variety of diseases [39] . Studies have demonstrated that Sesn is a highly conserved stress-inducible metabolic protein, and it is also known to repress reactive oxygen species and provide cytoprotection against various noxious stimuli including genotoxic and oxidative stress, ER stress, and hypoxia [40] [41] [42] ._ENREF_19 The major physiological functions of Sesn are in the regulation of metabolic homeostasis and potential antioxidant effects [43] . The present study is the first to report that normal NP cells express Sesn and to describe the relationship between the level of expression of Sesn and the degradation of IDD. Our data demonstrated that Sesn expression in NP cells is induced by stress inducers, which can induce cell apoptosis and ECM degradation. Knockdown of Sesn in stress-induced NP cells significantly increases cell apoptosis and ECM degradation. To further investigate how Sesn2 affects the progression of disk degeneration, we studied the apoptosis conditions in NP cells. Apoptosis is mediated by two interconnected pathways: the extrinsic pathway, which is mediated by death receptors, and the intrinsic pathway, which is mediated by mitochondria.
In mitochondria, the Bcl family proteins play important roles in the regulation of apoptosis [44] . Upon introduction of apoptosis-inducing stimuli, the Bcl proteins translocate into mitochondria and interact with each other, with proapoptotic members inducing apoptosis and antiapoptotic members inhibiting apoptosis. A major site of activity of Bcl-2 is the mitochondrial membrane. Following a variety of death signals, pro-apoptotic molecules often translocate to the mitochondria where anti-apoptotic molecules already reside [45] .
In the present study, the Bax and caspase-3 expression levels in the Sesn upregulation group were notably lower than those in the 2-DG group, whereas Bcl-2 expression significantly increased. We further verified the effects of Sesn2 on NP cell apoptosis by flow cytometry. The results showed that apoptosis of NP cells notably (P < 0.001) increased after 2-DG Autophagy is an evolutionarily conserved lysosomal activity to degrade and turn over long-lived proteins and damaged cytoplasmic organelles [46] . Autophagy has long been thought to act as a pro-survival response to stresses by providing recycled metabolic substrates to maintain energy homeostasis [47] . A variety of stress stimuli including hypoxia, starvation, ER stress, and acidic stress can induce autophagy in cultured mammalian cells [48] . Autophagy is also regarded as an important cell survival mechanism, which can sustain metabolism and prevent the accumulation of damaged toxic proteins and organelles under stress. Ito et al. demonstrated that resident disc cells utilize autophagy to cope with harsh, low-nutrient environments [49] . Miyazaki et al. showed that SIRT1, as a potent treatment agent for human degenerative IVD disease, can protect against nutrient deprivation-induced mitochondrial apoptosis through autophagy induction in human NP cells [50] . In our study, we also confirmed that ER stress can induce autophagy in human cultured NP cells. Hostile environments induce cells to upregulate autophagy to remove toxic protein aggregates and provide amino acids and fatty acids. It has also been suggested that autophagy plays a role in the onset of IDD and that controlling the autophagy response in NP cells under oxidative stress should be beneficial for the survival of the cells and would likely delay the process of disc degeneration [2, [51] [52] [53] .
Notably, in recent studies Sesn2 has been reported to play a role in the regulation of autophagy. Huige et al [54] . founds that Sesn2 can induce autophagy, which contributed to restoration of impaired insulin signaling. Kim et al [55] . demonstrated that Sesn2 suppresses prolonged NLRP3 inflammasome activation by clearance of damaged mitochondria through induction of the autophagy process. They also concluded that Sesn2 plays a dual role in inducing autophagy in response to inflammasome activation. The antioxidant function of sestrins has also been shown to be mediated through activation of Nrf2 in a manner reliant on the p62-dependent autophagic degradation of Keap1 [29] . Our findings revealed that overexpression of Sesn2 downregulated the expression of autophagy genes, upregulated pro-apoptotic gene expression, and downregulated specific extracellular matrix markers in stress-induced cells. This provides evidence that Sesn regulates stress-induced apoptosis and affects 2-DG-induced ECM degradation by enhancing autophagy.
In particular, Sesn2 functions as a negative regulator of mTOR signaling [56] . mTOR forms two distinct signaling complexes, termed TORC1 and TORC2. The TORC1 complex is responsible for the control of cell growth and protein synthesis, whereas the TORC2 complex controls the actin cytoskeleton and cell spreading [57, 58] . When growth conditions are favorable, mTOR is active and yeast cells maintain a robust rate of ribosome biogenesis, translation initiation, and nutrient import. Therefore, mTOR is regarded as a central controller of cell growth. The physiological consequences of mTOR dysregulation imply that inhibitors of mTOR may be useful in the treatment of cancer, cardiovascular disease, autoimmunity, and metabolic disorders [59, 60] . The activation of mTOR has also been shown to be involved in the process of degradation of NP cells. Our data show that Sesn overexpression in NP cells modulates mTOR activation as indicated by changes in the phosphorylation of the mTOR target, S6.
AMPK and mTORC1 are two important nutrient-sensing protein kinases that have diametrically antagonistic functions in metabolic homeostasis [61, 62] . In addition, some interactions have been described between these two protein kinases. AMPKs are found to inhibit mTORC1 activity through phosphorylation-dependent activation of tuberous sclerosis complex 2 (TSC2) and subsequent inhibition of the mTORC1-activating GTPase Rheb [63] . Another report showed that AMPK can inhibit mTORC1 directly through phosphorylation-dependent inhibition of its regulatory subunit Raptor [64] . mTOR is thus one of the downstream targets of AMPK, suggesting that misregulation of AMPK is a potential Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry mechanism for mTOR hyperactivation. However, in our present study, the modulation in mTOR activation following Sesn overexpression was not accompanied by changes in AMPK phosphorylation. This implies that the effect of Sesn on mTOR is not dependent on AMPK in human cultured NP cells at least under the experimental conditions used. Recently, an inhibitory effect of Sesn for mTOR1 activation independent of AMPK has been illustrated by several studies, which have demonstrated that sestrins can function as guanine nucleotide dissociation inhibitors for Rag GTPases or interact with GATOR2 to control mTORC1 signaling [28, 65] .
Conclusion
Our results demonstrate that ER stress can induce IDD by promoting cell apoptosis and ECM degradation. In addition, Sesn can modulate mTOR activity and repress stress-induced IDD by enhancing autophagy activation. Therefore, suppression of Sesn might serve as an important cellular homeostasis mechanism in the process of IDD.
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